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1078–5Objectives. The aim of this study was to investigate whether initial abdominal aortic aneurysm (AAA) diameter influ-
ences long-term survival after elective repair.
Design. Retrospective analysis of database.
Material and Methods. Between March 1995 and December 2006, a consecutive series of 895 patients underwent elective
treatment of an AAA either by open surgical or endovascular repair. An AAA diameter of 5.5 cm was chosen as threshold
to distinguish between small and large aneurysms, according to the definition given by the UK small aneurysm trial.
Patient characteristics and distribution of basic risk factors were assessed. Survival estimates (Kaplan-Meier) and Cox
proportional hazards regression results are reported.
Results. Patients with small aneurysms were more likely to survive the first 6 years after AAA repair, even after adjust-
ment for treatment modality and baseline risk factors. After adjustment for age and sex aneurysms with smaller diameter
were related to a lower risk of death (p< 0.0016).
Conclusions. Patients with small aneurysms (5.5 cm) have an improved long-term survival than patients with larger
aneurysms.
 2007 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
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More than 50 years have passed since open surgical re-
pair of abdominal aortic aneurysm (AAA) became
available. The procedure is prophylactic in its nature,
directed towards prevention of aneurysm related
events, rupture, exsanguinating hemorrhage and
death. The management of aortic rupture is associated
with poor results as only one third of the patients1,2
reach hospital alive and half of them do not survive
emergency treatment. The results remain disappoint-
ing and have not substantially improved over the last
50 years.3 Aneurysm size has been consistently recog-
nized as a reliable predictor of rupture.4e6 The thresh-
old diameter for repair of an AAA (now set at 5.0 to
5.5 cm) has been debated intensively. Diameter has
been used to decide whether elective repair or. Maryana Sahal and Alexander M. Prusa contributed
y to this work
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884/000288+ 07 $34.00/0  2007 European Society for Vasculasurveillance is indicated. Various prospective trials
dealing with open repair, endovascular aneurysm re-
pair (EVAR) or repeated surveillance have used this
definition. The choice between open repair, EVAR or
watchful waiting is related to the composition of the
sum of all risks associated with the three management
options. While there is little discussion regarding the
treatment of large aneurysms inwhich prophylactic re-
pair improves survival,7 the management of small
AAA sized5.5 cm remains controversial. An older re-
port by Darling and coworkers8 suggested the repair of
aneurysms with diameters of 4 cm to 5 cm, while two
randomized clinical trials have failed to detect a benefit
in survival associated with early repair of small aneu-
rysms, in comparison to ultrasound surveillance.9,10
Less information is available whether the aneurysm
size influences survival due to an unrelated mortality,
e.g. systemic atherosclerosis, malignancy and probably
so far undetected pathologic conditions. The aimof this
studywas to investigate whether initial AAA diameter
influences long-term survival after aneurysm repair.
We describe the results of all elective AAA repairs
over more than eleven years at a single institution.r Surgery. Published by Elsevier Ltd. All rights reserved.
289Elective Abdominal Aortic Aneurysm RepairPatients and Methods
From March 1995 to December 2006, a consecutive
series of 895 patients underwent elective treatment of
their AAA or aortoiliac aneurysm either by open sur-
gical or endovascular repair at a tertiary care univer-
sity hospital. Patients with thoracoabdominal or
juxtarenal aortic aneurysms, as well as those requiring
cross-clamping above the renal arteries were excluded.
Prospectively collected patients’ data was analysed
retrospectively. Baseline aneurysm size was defined
as the maximum transverse aneurysm diameter as
measured by pre-operative computed tomography
(CT) scan. AAA exceeding 5.0 cm or those enlarging
more than 0.5 cm per year were repaired. In octogenar-
ians the threshold was increased to 5.5 cm in 2005. The
decision to repair the aneurysm by EVAR was reached
by interdisciplinary consensus with interventional
radiologists. To assess the influence of aneurysm size
related to early postoperative as well as long-term out-
come after AAA repair a diameter of 5.5 cm vs.
>5.5 cm was chosen as threshold to distinguish small
from large aneurysms. The primary endpoint was
all-cause mortality at 6 years. The secondary endpoint,
operative mortality, was defined as death within 30
days or during the hospital stay. Several parameters
were investigated pre-operatively to estimate opera-
tive risk. We considered patients to have renal dys-
function if their glomerular filtration rate was lower
than 50 ml/min/1.73 m2. Pulmonary dysfunction
was assumed when lung function tests (forced expira-
tory volume after one second e FEV1, maximum vital
capacity e FVC) were below 65% of the expected
values or moderate/severe dyspnoea on exertion
was present. Hepatic dysfunction was recorded
when serum g-glutamyl transpeptidase levels were
higher than 30 U/L. These thresholds were chosen ac-
cording to accepted international limits as well as the
practice of our Department of Laboratory Medicine.
Cardiac morbidity was defined as prior myocardial
infarction, balloon dilatation of coronary arteries,
bypass grafting or the presence of stable angina pecto-
ris, evidence of reduced ventricular performance or
pulmonary hypertension. Other risk factors consid-
ered were diabetes, hypertension, peripheral arterial
occlusive disease and evidence of severe cerebrovas-
cular disease. In patients in whom revascularization
of coronary and/or carotid arteries was indicated,
the interventional or operative repair was done prior
to AAA management. Patients who had untreatable
unstable angina pectoris, New York Heart Association
class IV function, needed oxygen support at rest, or
with end-stage malignant disease were turned down
for elective treatment of AAA. To detect possibledifferences in the outcome in relation to age, we di-
vided the patients into three groups, i.e. patients youn-
ger than 70 years, 70e80 years and older than 80 years.
EVAR was either accessed via a transfemoral or
transiliac approach, delivering modular stent grafts
through an arteriotomy. The extension graft for the
second limb of bifurcated devices was inserted by
transcutaneous puncture or arteriotomy of the con-
tralateral common femoral or external iliac artery.
Interdisciplinary teams of vascular surgeons and
interventional radiologists deployed the stent grafts.
All stent grafts implanted since 1995 were of com-
mercially available type. Open repair of AAA was
performed by standard surgical methods whereas
either bifurcated or tubular grafts were implanted.
Follow-up data was collected during an annual
appointment as an outpatient, supported by post-
interventional CT scans/ultrasonography according
to the institutional follow-up protocol. For mortality,
the most recent information was obtained regularly
from the Austrian Bureau of Statistics (Statistik
Austria) in Vienna, which records all deaths. At least
once a year, all data are transferred to the patient-
administration system of the Medical University of
Vienna.
Statistical analysis
Continuous baseline data were expressed as median,
interquartile range (IQR) and absolute range with
differences analyzed by Wilcoxon test. All categori-
cal values were shown as frequencies and percent-
ages; Fisher’s exact test was performed to evaluate
possible significant differences. The probability of
survival with corresponding 90% confidence inter-
vals was estimated using the Kaplan-Meier method.
Different stratifications and a Cox proportional haz-
ards model were used for multivariate survival anal-
ysis. Hazard ratios with 90% confidence intervals
were calculated. The validity of the proportional
hazards assumption model was tested with the in-
troduction of a time dependent explanatory variable
to check increasing or decreasing trends in hazard
ratio over time. P-values< 0.05 were considered to
be significant. All statistical analysis was performed
with SAS software, version 9.1.Results
During the period of study, 895 patients were treated
electively for their AAA, median diameter of 5.8 cm
(IQR: 5.1e6.5 cm, range: 3.0e14.0 cm). The median
age of patients was 71.76 years (IQR: 65.2e76.9 years,Eur J Vasc Endovasc Surg Vol 35, March 2008
Table 2. Descriptive analyses of overall postoperative mortality
rates after treatment of small vs. large AAA
Small
(n¼ 390)
Large
(n¼ 505)
Statistical
Significance
p<
% N % N
Open Graft
Replacement
3.09 6 of 194 4.82 12 of 249 0.4692
EVAR 1.53 3 of 196 2.73 7 of 256 0.5250
Overall 2.31 9 of 390 3.76 19 of 505 0.2488
AAA, Abdominal Aortic Aneurysm; EVAR, Endovascular Aneu-
rysm Repair.
290 M. Sahal et al.range: 32.3e94.7 years), 814 patients were men (91%).
In 443 (49.5%) patients open graft replacement was
used, whereas in 452 patients (50.5%) EVAR was
chosen as treatment. The median follow-up was 21.2
months (IQR: 3.2e53.6 months, range: 0e135.9
months). Fifteen of all EVAR patients (3.3%) suffered
from secondary AAA rupture and 8/15 died.
Small versus large AAA
The small aneurysm group (5.5 cm) consisted of 390
patients (43.6%) while aneurysms with a diameter
greater than 5.5 cm were present in 505 patients
(56.4%). The two groups had comparable baseline
characteristics (Table 1) with three exceptions. Median
age of patients in the small (70.3 years) versus the
large group (72.9 years) differed significantly
( p< 0.0001). The incidence of pulmonary dysfunction
between groups (small: 19% versus large: 29%) also
was statistically significant ( p< 0.0001), as was the
presence of cardiac disease (small: 61%, large: 68%,
p< 0.0240). Overall operative mortality was 3.13%.
Although the mortality after repair of large AAA
was higher (Table 2), the difference did not reach sta-
tistical significance (2.3% versus 3.8%). Patients with
small aneurysms were more likely to survive the first
6 years after AAA repair (64% versus 47%, p< 0.0001),
Fig. 1. After one year 93% of patients with small aneu-
rysms were alive compared to 88% with large ones
( p< 0.0226), while survival at 3 years was 84% versus
75%, respectively ( p< 0.0025).
Open graft replacement
Of the 443 patients who underwent open graft re-
placement 249 (56.2%) had large aneurysms. Again,
patients with small AAA were significantly youngerTable 1. Demographic data, prevalence and distribution of preopera
Small (n¼ 390)
Age (years) Median 70.27
IQR 63.21e75.52
Range 32.34e86.88
Sex Male 356 (91.28)
Pulmonary Dysfunction 74 (18.97)
Renal Dysfunction 58 (14.87)
Hepatic Dysfunction 98 (25.13)
Cardiac Disease 236 (60.51)
Cerebrovascular Disease 50 (12.82)
Hypertension 290 (74.36)
PAOD 98 (25.13)
Diabetes 66 (16.92)
Malignancy 50 (12.82)
AAA, Abdominal Aortic Aneurysm; PAOD, Peripheral Arterial Occlu
IQR indicates interquartile range.
Values are given as number or number (percentage) unless otherwise
Eur J Vasc Endovasc Surg Vol 35, March 2008( p< 0.0001) but presented with similar distribution
of all other risk factors, except pulmonary dysfunction
( p< 0.0001), when compared with patients with
larger aneurysms. Operative mortality after surgical
repair of small AAA (3.1%) was not significantly
less than for larger aneurysms (4.8%), Table 2. At
6 years survival in patients with small aneurysms
was 64% versus 51% for larger aneurysms, p< 0.0221).EVAR
Fifty-seven percent of patients (n¼ 256) in whom the
AAA was repaired by EVAR had a large aneurysm
(diameter 5.5 cm). Patients with large aneurysms
were significantly older than those with small AAA
( p< 0.0039). The distribution of comorbidities was
similar in small and large aneurysm patients. After
EVAR, an overall mortality of 2.2% was observed.
While three patients (1.5%) with an AAA 5.5 cm
died after EVAR, operative mortality after endovascu-
lar repair of large aneurysms (2.7%) was not signifi-
cantly higher (Table 2). Again at 6 years survival
was better for those with small aneurysms (Fig. 3).
The majority of patients with small anuerysms (64%)
were alive 72 months postoperatively, whereas onlytive risk factors of patients with small vs. large AAA
Large AAA (n¼ 505) Statistical Significance p<
72.93 0.0001
66.44e77.73
46.77e94.69
458 (90.69) 0.8147
148 (29.31) 0.0001
91 (18.02) 0.2395
129 (25.54) 0.9383
343 (67.92) 0.0240
53 (10.50) 0.2922
366 (72.48) 0.5429
99 (19.60) 0.0511
76 (15.05) 0.4615
72 (14.26) 0.5568
sive Disease.
indicated.
Fig. 1. Survival in patients with small versus large AAA irrespective of treatment modality: Kaplan-Meier survival curves
with corresponding 90% confidence intervals.
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long ( p< 0.0009).Table 3. Independent predictors for survival at 6 years after elec-Long-term survival according to AAA
diameter and age
For patients younger than 70 years survival was simi-
lar after repair of small or large aneurysms
( p< 0.0891). In patients aged 70 to 80 years the respec-
tive survival curves showed a parallel course for the
first 3 years after aneurysm repair ( p< 0.3325). Beyond
that they began to diverge and by 6 years survival was
better in the small aneurysm patients ( p< 0.0204). For
patients older than 80 years, those with large AAA had
a worse survival at 6 years ( p< 0.0157).tive AAA repair in a cox proportional hazard regression model.
Hazard
Ratio
90% Confidence
Interval
Statistical
Significance
P<
AAA Diameter
 or > 5.5 cm
1.620 1.260e2.081 0.0016
Pulmonary
Dysfunction
2.010 1.543e2.618 0.0001
Renal Dysfunction 1.860 1.409e2.456 0.0002
Diabetes 1.659 1.226e2.245 0.0059
Malignancy 0.0751
Treatment
Modality
0.0928
Cardiac Disease N.S.Long-term survival according to AAA diameter and
pulmonary dysfunction and cardiac disease
Survival of patients with large aneurysms was signif-
icantly inferior in those with pulmonary dysfunction
( p< 0.0401) as well in those without pulmonary risk
( p< 0.0030). Stratification for aneurysm size and car-
diac disease also revealed significantly worse survival
for the large aneurysm group (with cardiac disease:
p< 0.0087, without cardiac risk: p< 0.0024).Cerebrovascular
Disease
N.S.
Hepatic
Dysfunction
N.S.
Hypertension N.S.
AAA, Abdominal Aortic Aneurysm; N.S.: not significant.Multivariate analysis
After stratification for age and sex AAA diameter
5.5 cm vs. >5.5 cm was tested in a Cox proportionalhazard regression model. The multivariate model
revealed a significant influence of the aneurysm diam-
eter ( p< 0.0016), pulmonary and renal dysfunction
and diabetes on 6-year survival (Table 3). The hazard
ratios were constant over time.Discussion
In this consecutive series the long term survival of
patients with small versus large aneurysms following
elective management either by endovascular repair or
open graft replacement is assessed. Over the last
five decades the results of elective open surgery
have improved and currently the operative mortalityEur J Vasc Endovasc Surg Vol 35, March 2008
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the last decade the endoluminal stentgraft technology
has been used increasingly with an operative mortal-
ity of 2e3% or less. We showed that patients with
small aneurysms had a better long-term survival
than those with larger aneurysms, irrespective of
whether repair was by open or endovascular method.
Data of a recently published series suggested that
outcome after endovascular repair of AAA depends
on aneurysm diameter,11 however their patients with
large aneurysms were significantly older than patients
with small aneurysms. Since the data were not ad-
justed for age, it was not possible to identify aneurysm
size as an independent predictor of longterm survival.
In contrast, Zarins et al. 12 indicated that aneurysm di-
ameter was an independent risk factor for 5-year sur-
vival after EVAR. A French multicentre analysis also
identified AAA diameter as independent predictor of
late death after open surgery as well.13 The relation-
ship between aneurysm diameter and survival ap-
pears to be independent of aneurysm repair.14,15 For
instance, in a study of 12 203 ultrasonographically
screened men Norman and coworkers15 showed the
clear relationship between large aortic diameter and
worse survival.
Analysis of preoperative risk profiles of our pa-
tients revealed that those with large AAA were sig-
nificantly older and showed a higher prevalence of
pulmonary dysfunction and cardiac disease, similar
to previous reports.13,16e20 Since advanced age, pul-
monary dysfunction and cardiac disease are signifi-
cant risk factors influencing long-term outcome we
stratified patients according to these parameters.Fig. 2. Probability of survival estimated according to Kaplan-M
with corresponding 90% confidence intervals.
Eur J Vasc Endovasc Surg Vol 35, March 2008Multivariate analysis was adjusted for age, sex and
various risk factors. In every situation, larger aneu-
rysm diameter was identified as an independent fac-
tor associated with worse long-term survival, as
were pulmonary dysfunction, diabetes and renal im-
pairment. This influence of aneurysm diameter was
observed after both open and endovascular surgery.
The reason why large initial AAA diameter has
a deleterious effect on long-term survival remains
speculative. Our hypothesis is that an increased
aneurysm diameter reflects a more advanced stage
of the generalized underlying atherosclerotic process
with its various manifestations and resulting
complications.
Recently published 12-year follow-up data of early
surgery versus surveillance in the UK Small Aneu-
rysm Trial of aneurysms sized 4.0 cm to 5.5 cm re-
ported no long-term survival benefit of elective early
open repair.21 However, three quarters of patients ran-
domized to surveillance eventually underwent sur-
gery during follow-up, predominantly within the
first 6 years. Of the surveillance patients 22% died
without aneurysm repair and only 2.1% (n¼ 11/527)
remained alive without operation. At randomization
the risk factors were similar in each group. No actual
information concerning preoperative risk factors at
the time of repair in the surveillance group was pro-
vided, although clearly patients became older and
the aneurysm expanded during the time until surgery.
It is likely that the prevalence of accompanying risk
factors was rising also, since advanced age as well
as larger aneurysm diameter have been associated
with higher preoperative risk in other studies.17,22,23eier of small versus large AAA after open graft replacement
Fig. 3. Probability of survival estimated according to Kaplan-Meier of small versus large AAA after EVAR with correspond-
ing 90% confidence intervals.
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Affairs Aneurysm Detection and Management small
aneurysm trial.10 Patients were slightly older and
had marginally larger aneurysms than those in the
UK trial. After a follow up period of 8 years 70.6%
of all patients allocated to surveillance underwent
open surgery, but again the investigators did not re-
port the individual risk profile of patients undergoing
deferred repair. The possibility remains that patients
with deferred aneurysm repair will suffer from the
disadvantage of worse fitness at the time of eventual
aneurysm repair.
The role of EVAR in treatment of small aneu-
rysms was discussed by Zarins et al.,24 who com-
pared a later group of American patients with
aneurysms sized 4.0 cm to 5.5 cm treated by EVAR
with the surveillance group of the UK small aneu-
rysm trial. The American EVAR patients were sig-
nificantly older and showed a significantly higher
prevalence of several preoperative risk factors. The
rate of all-cause and aneurysm-related death was
significantly higher in the surveillance group. There
are several drawbacks to this comparison,24 two
very different patient groups undergoing different
treatment protocols for different indications at dif-
ferent times were compared. A recent approach to
solve this issue is underway with two prospective
trials randomizing patients with small aneurysms
to either receive EVAR or surveillance (PIVOTAL,
CAESAR25), but results are not expected before the
end of this decade. A retrospective analysis from
the EUROSTAR Registry showed that aneurysms
sized 4.0 cm to 5.5 cm had a better 5-year outcome,with respect to aneurysm related death, aneurysm-
unrelated death and aneurysm expansion in compari-
son to larger aneurysms.17 Basing on this observation
several authors expressed their concern and ques-
tioned the durability of the EVAR method to treat
larger aneurysms. Since similar results were obtained
following open graft replacement in the present
study, it seems unlikely that procedure related
complications alone cause the results as shown in
Figs. 2 and 3.
In summary, the initial AAA diameter represents
an independent risk factor regarding long-term sur-
vival after both open and endovascular repair. Given
optimized risk adjusted postoperative mortality rates
with superior long-term survival rates in patients
with AAA diameters lower than 5.5 cm it is possible
that some patients with small aneurysms will benefit
from an earlier intervention. Unfortunately, it is not
possible to a priori distinguish between patients
with stable aneurysm disease and those with more
rapid progression of their aneurysm.Acknowledgment
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